Natural organic matter (NOM) from seawater is a complex mixture of compounds that has only been roughly characterized. In this study, advanced techniques such as fractionation based on adsorptiondesorption dynamics (on XAD ® resins), liquid chromatography-organic carbon detection (LC-OCD), excitation-emission matrix (EEM) fluorescence and membrane separation techniques were applied to the characterization of seawater NOM. Conventional analyses have shown that Mediterranean coastal seawater has a low NOM content, slightly aromatic and poorly biodegradability. Advanced analysis permitted better characterization by separating the NOM into different fractions. The NOM was found to be mainly hydrophilic (HPI) (70%) and slightly transphilic (TPI) (24%) from XAD fractionation. LC-OCD showed the seawater to be composed mainly of humic substances (HSs) and low molecular weight (LMW) neutrals that accounted for 37 and 40% of the dissolved organic carbon, respectively. The HSs contained hydrophobic, TPI and HPI compounds, revealing advanced hydrolysis, whereas the LMW neutrals were HPI compounds. Membrane separation revealed that most of the seawater NOM had a MW of <1 kDa, confirming that the HSs were in an advanced state of degradation. We have also shown that seawater NOM with a MW of >1 kDa contains mainly aromatic proteins, which are more biodegradable than whole seawater NOM.
INTRODUCTION
Thus, NOM in water has both hydrophobic (HPO) and hydrophilic (HPI) components. In surface water, HPO acids, rich in aromatic carbon, are described as humic substances (HSs) and constitute the major fraction of NOM (more than half of the dissolved OM (DOM); Martin-Mousset et al. ; Matilainen et al. ) . HPI matter contains less refractory components, such as carbohydrates, proteins, sugars and amino acids (Huber & Frimmel ) . NOM is usually quantified using different conventional techniques such as quantification of total and dissolved organic carbon (TOC and DOC), UV at 254 nm (A 254 ) or chemical oxygen demand and biochemical oxygen demand at 7 days (COD and BOD 7 ). However, these techniques allow only an approximate characterization of the NOM.
Increasing levels of NOM and changes in its composition present major challenges to the drinking water industry. Its presence can create problems for the quality of drinking water and for its treatment, via processes such as the formation of disinfection by-products and bio-reactive compounds (Richardson et al. ) . The diversity of components that constitute NOM and their relatively low concentration often make characterization difficult. Thus, methods that can either accurately characterize NOM in such dilute solution, or alternatively can either isolate or concentrate NOM, are essential. 
MATERIALS AND METHODS

Cleaning protocol
Because of the very low concentration of OM to be measured, all glass material was cleaned by soaking (24 h, 10% HCl) and rinsing with large amounts of milli-Q water before covering it with Al foil and heating it (450 W C, 4 h).
Conventional analysis
Seawater samples were taken from the northwest Mediterra- The dissolved oxygen was measured using an HQ40d meter integrated with an IntelliCAL™ LDO sensor (Hach, USA).
Each sample was analysed in triplicate and results are expressed in mg O 2 L À1 . Detection limit was 0.2 mg O 2 L À1 and standard deviation of the analysis was around 0.1-0.2 O 2 L À1 . NOM biodegradability was determined from the ratio of BOD 7 to TOC, expressed in mg O 2 mg C À1 .
XAD fractionation
Originally, XAD resins were used to isolate and character- were measured at the inlet to the XAD8 column (S 0 ), the outlet from the XAD8 column (S 1 ) and the outlet from the XAD4 column (S 2 ). The TOC and A 254 of each fraction were calculated as follows:
TOC HPO ¼ TOC S0 À TOC S1 (1) 
Both ratios, SUVA 254 and biodegradability, were also calculated for each fraction. Table 3 shows the results using the conventional analytical techniques. They correspond to the averages of multiple 
RESULTS
LC-OCD
LC-OCD was performed on seawater (S 0 ) and the outflow from the two XAD columns (S 1 and S 2 ). This provides a better understanding of the nature of the OM retained by the resins. Figure 3 shows 
Membrane separation
The distributions of conventional parameters over the two OM size fractions (HMS and LMS) vary from one parameter to another. As shown in Figure 6 , the major content of the NOM has a molecular size corresponding to <1 kDa, representing 93% of seawater TOC, which is consistent with the findings of Amon & Benner () and Kaiser & Benner () . UV-absorbing compounds are mainly in the LMS fraction (84%) vs. three-quarters of BOD 7 (75%) which is found in this fraction. These distributions clearly indicate that each fraction contains OM with specific properties and reactivity, confirmed by the SUVA 254 and biodegradability ratios in Figure 7 .
HMS has a higher BOD 7 /TOC ratio than seawater (2.9 vs. 0.8) and the same holds for SUVA 254 (2.1 vs. 0.9). Consequently, HMS substances are richer in In principle, this is the part of the HA-like region that has the highest MW that undergoes a low extent biodegradation, as demonstrated previously. Consequently, it should contain a higher proportion of aromatic moieties than the LMS HA-like substances (and also the FA-like substances).
This should be a complementary explanation for the high SUVA of the HMS fraction. 
DISCUSSION
CONCLUSIONS
Mediterranean coastal seawater has a low content of NOM, which is only slightly aromatic and has low biodegradability.
We have established the NOM as being mainly HPI (70%) and slightly TPI (24%). The small HPO fraction has a high SUVA 254 (almost 5), characteristic of HSs. From the LC-OCD results, the seawater appears to be composed mainly of humics and LMW neutrals (37 and 40% of DOC, respectively).
The LMW neutrals are HPI, whereas the humics contain HPO and TPI compounds. Fluorescence confirms the higher content of FA-like vs. HA-like substances. These observations confirm the HPI character of seawater OM and may be explained by the advanced hydrolysis in the seawater of the humics of terrestrial origin and by the production of less aromatic HA-like matter by seawater algae. Membrane separation confirms that most of the NOM has a molecular size corresponding to <1 kDa (LMS). However, the NOM with molecular size corresponding to >1 kDa (HMS) is highly biodegradable, suggesting it is composed of biopolymers, being aromatic proteins and polysaccharides.
The techniques used appear to improve on previous OM characterization. Although their respective focuses differ, when applied together, they are complementary and helpful in the analysis of the impact of water treatment processes on DOM.
